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Abstract 
In this work we present results of physical and optical properties of Er3+/Yb3+ co-doped tellurite glasses and fibers. The 
Double Clad Tellurite Fibers (DCTFs) are based on glasses with the composition: TeO2-WO3-Nb2O5-Na2O-Al2O3-Er2O3-
Yb2O3. The DCTFs were fabricated by using the rod-in-tube technique and a Heathway drawing tower. The optical 
absorption spectra (ranging from 350 to 1750 nm) of these fibers were measured using an Optical Spectrum Analyzer 
(OSA). The emission spectra, around 1550 nm band, of these fibers (lengths varying from 1 to 60 cm) were obtained by 
using a 980nm diode laser pump. The optimal Amplified Spontaneous Emission (ASE) spectra were observed for fiber 
lengths ranging from 2 to 6 cm. The Er3+/Yb3+ co-doped DCTFs show an efficient up-conversion process in comparison 
with the Er3+-doped DCTF.  
Keywords: Yb3+/Er3+ co-doped tellurite fibers, Broadband emission, up-conversion processes 
1.  Introduction 
 In the last decades, the study of Tellurite glasses has increased because these materials show high non-linear 
properties, and they may be used to fabricate laser and optical amplifiers [1-3] with high quantum efficiency. Tellurite 
glasses may be used to manufacture optical devices since they have low phonon energy (750 cm-1) that reduces the non-
radiative energy loss through out the multiphonon relaxation [4-5]. Additionally tellurite glasses are non-hygroscopic 
materials that are resistant to atmospheric corrosion. Also, rare-earths are highly soluble in tellurite, allowing the 
incorporation of high concentrations of several rare earths simultaneously [6]. Moreover, these kinds of glasses that 
present high thermal stability are ideal for fabricating optical fibers with high mechanical resistance. Also, it is possible 
to fabricate optical fibers with a low attenuation of 20 dB/km [7]. Tellurite optical fibers with high mechanical resistance 
and low attenuation will be ideal for fabricating non-linear fibers, fiber lasers and/or optical fiber amplifiers based on 
rare earths. Erbium, Ytterbium, Thulium, Neodymium are the most commonly used rare earths in amplifiers, lasers and 
sensors. Er3+ doped glasses have been studied extensively because of two particular emission bands of interest. The 
transition 4I11/2→4I13/2 of the Er3+ ion in a highly doped crystal such as YAG produces an emission around 2.9 μm, which 
leads to interesting medical applications [8]. Furthermore the 4I13/2→4I15/2 transition of erbium-doped glasses generates an 
output around 1.55 µm, coinciding with the third window of optical communications. Even though Yb3+ doped glasses 
have been studied for decades, they have not been very attractive because they have only one emission band (around 
980nm). With the advent of powerful laser diodes that emit light at 980 nm, the scenario has changed completely and 
Yb3+ doped glasses have become important materials. Particularly Er3+/Yb3+ co-doped glasses have became ideal for the 
optical amplifier applications, because the 2F7/2 →2F5/2 transition of the Yb3+ ion matches with the 4I15/2 →4I11/2 transition 
of the Er3+ ion. Hence an efficient energy transfer process between Yb3+ and Er3+ ions is possible. In the last few years, 
Er3+/Yb3+ co-doped tellurite fibers have been studied, aiming at understanding its optical properties. Zhang J. et all [9] 
have shown broad band emissions (~100nm, at 1550nm) using a D-shaped fiber co-doped with 5kppmEr2O3 and 
20kppmYb2O3. Shixun D. et al.[10] have fabricated and characterized  a Er3+/Yb3+ co-doped tellurite fiber 
(4.3kppmEr2O3+8.8kppmYb2O3) with a core diameter of 14 μm and an  optical attenuation of 2.1 dB/m (at a wavelength 
of 1310 nm). In this case they observed signal gains exceeding 5 dB, ranging from 1535 to 1565 nm. On the other hand, 
Jakutis et al. [11] observed an increase in the green and red up-conversion intensities when the concentration of Yb3+ 
increased in the tellurite glasses (50kppm Er2O3 and 10kppm-50kppm Yb2O3). 
In this work we report on the fabrication and characterization of Er3+/Yb3+ co-doped tellurite glasses and fibers. DCTFs 
were fabricated by using the rod-in-tube technique. Furthermore, the glasses and fibers were characterized considering 
the thermo-physical properties, the optical absorption, the refractive index, the ASE, and the photoluminescence. 
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The TeO2-WO3-Nb2O5-Na2O-Al2O3-Er2O3-Yb2O3 glass samples employed in this study were produced from batches of 
powdered components (purities 99.999 wt.%) mixed in the proportions shown in Table 1. In each case, a powder sample 
of about 60 g was transferred to a platinum crucible and then heated at 900 °C for 30 min in a electrical furnace. The 
molten glass sample was then poured onto a stainless steel plate to solidify, and finally annealed at 250 °C in an air 
atmosphere (24 h) in an electrical furnace (Lindberg 894 model). Optically transparent glass samples, obtained from the 
bulk material with a silicon carbide polisher, were used to determine the physical and optical properties. 
 
Table 1. The tellurite glass compositions used to produce the optical fibers.  
GLASS COMPOSITION 
A (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppm Al2O3 
B (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+10000ppmEr2O3 
C (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+ 5000ppmEr2O3+ 20000ppmYb2O3 
D (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+ 10000ppmEr2O3+ 20000Yb2O3 
E (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+ 15000ppmEr2O3+ 20000Yb2O3 
F (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+ 10000ppmEr2O3+ 40000Yb2O3 
G (69TeO2-24WO3-3Nb2O5-4Na2O)mol%+2000ppmAl2O3+ 100000Yb2O3 
H (72.5TeO2-20WO3-1.5Nb2O5-6Na2O)mol%+2000ppmAl2O3 
 
The thermal characterization of these tellurite glasses was carried out by using a Differential Thermal Analyzer 
(Shimatzu DTA-50 model). In this case, approximately 60 mg glass samples (glass grains with diameters varying from 
50 to 150 μm) inside gold crucibles were heated from 25 to 700 °C, with a heating rate of 15 °C/min. The density was 
measured according to Archimedes principle, where the weight of a volume of distilled water equivalent to that of the 
glass sample was obtained to a precision of 0.0001 g. Linear refractive index measurements (0.001 precision) were 
carried out using a prism coupler (Metricon 2010 model). The linear refractive index of the glass samples was measured 
at wavelengths 632.8, 1305.4 and 1536 nm. The UV–VIS-IR transmittance spectra (300 to 1700 nm) were acquired 
using a spectrophotometer (Perkin Elmer Lambda 9, wavelength resolution 1 nm). 
 
2.2 Fabrication and characterization of tellurite fibers 
Fig. 1 shows the fabrication procedure of  DCTFs by using the rod-in-tube technique. Fig. 1-A shows a sequence 
followed to obtain the DCTF: (I) a core rod  was fabricated with a diameter of 7mm; (II) A 2mm cane was produced 
from the Rod (I) via the drawing process; (III) the cane was inserted into the tube (inner diameter (ID) = 4mm, Outer 
diameter (OD)=7 mm); (IV) The "Rod-in-Tube" pre-form was drawn to generate a new 2mm cane; (V) The new cane 
was inserted into another tube (as in III); and finally, (VI) The whole  was drawn to produce optical fibers (external 
diameter approximately 180μm). The canes and the DCTFs were produced by using a Heathway drawing tower. The 
canes were produced at 665oC at a feeding speed of 8mm/min. On the other hand, the DCTFs were produced at 
temperatures ranging from 635 to 660ºC, a feeding speed of 3mm/min, and a drawing speed of 4 m/min. During the fiber 
drawing procedure, the DCTF was coated with a polymer (12 UV-curable prepolymer composition LSN AK4306) to 
avoid mechanical fracture. Fig. 1-B shows images of a Rod, a Tube, and the "Rod-in-Tube" elements used in Fig. 1-A. 
The rods and tubes were produced using the glass suction method at temperatures around the melting point (700oC).  
 
  
Fig. 1. (A) Tellurite fiber fabrication via the rod-in-tube 
technique. (B) Photographs of the rod core and tube are 
presented. The initial core rod has a length of 15cm and a 
diameter of 7mm. The tube has a length of 15cm, 
ID=3.5mm and OD =7mm. 
Fig. 2. Set-ups used to measure: (A) the  attenuation spectra; (B) 
the emission spectra of Er3+/Yb3+ co-doped DCTF. (C) 
Photograph of the Experimental set-up (B), showing the 
microposition stages and the green emission along the Er3+/Yb3+ 
co-doped DCTF ( produced by the up-conversion process). 
2. Experimental  
2.1 Fabrication and characterization of Tellurite Glasses  
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Table 2 shows physical characteristics of five different DCTFs produced using the glass composition in Table 1 and the 
Numerical Aperture (NA) of each fiber for 632.8nm, 1305nm and 1536 wavelengths. Each fiber (1-5) has a double clad 
made of glass "H", but a core made of glasses (B-F), that is, changing only the erbium or ytterbium concentration.  
Fig. 2 shows set-ups used to characterize the DCTFs. Fig. 2-A shows a set-up used to measure the optical attenuation 
spectra. In this particular case a white light (from a supercontinuum or Advantest TQ811 source) was coupled 
mechanically to the DCTF end via a pig-tail Single Mode Silica Fiber (SMSF). At the other DCTF end, the light 
transmitted was collected via a multimode silica fiber (MMSF; 62.5/125 core/external diameters). The data was obtained 
using an OSA (Yokogawa AQ-6315A model, wavelength resolution 1.4 nm; bandwidth resolution 10 nm) within the 
range 650-1750nm. Fig. 2-B shows the set-up used to measure the emission spectra. In this case a 980nm diode pump 
laser (Opto-Link PL420 model, power 170 mW) was coupled to the DCTF end using a SMSF (8 μm core diameter), and 
the emission spectra from the other end were detected using an OSA. An isolator was used to avoid back reflections and 
to block the signals that could damage the pump laser and cause instabilities. On the other hand, a spectrophotometer 
(Ocean Optics USB HR4000 model) was used to acquire the luminescence spectra within the range 350-900 nm. In this 
case the luminescence was collected perpendicular to the DCTF axis, nearer the pump laser. In all cases, the DCTF ends 
were carefully stripped of their polymer coating, cleaned and cleaved to avoid any possible contamination. Fig. 2-C 
shows a photograph of the experimental set-up, showing the Thorlabs microposition stages ( MBT616 model), and the 
DCTF fixed on these stages. The green emission along the DCTF ( produced by the up-conversion process) is clearly 
observed.  
Table 2.  Er3+/Yb3+ co-doped Tellurite fiber types  made of glasses shown in Table 1 
Fiber Core glass Inner Clad 
External 
Clad 
Numerical Aberture (NA) 
632.8nm 1305nm 1536nm 
1 B (10kppmEr2O3) H H 0.2655 0.2488 0.2407 
2 C (5kppmEr2O3+ 20kppmYb2O3) H H 0.2234 0.2107 0.2034 
3 D (10kppmEr2O3+ 20kYb2O3) H H 0.2827 0.2562 0.2517 
4 E (15kppmEr2O3+ 20kYb2O3) H H 0.1185 0.1303 0.1285 
5 F (10kppmEr2O3+ 40kppmYb2O3) H H 0.1715 0.1654 0.1588 
 
3. Results 
Table 3 shows the glass transition temperature (Tg), the onset crystallization temperature (Tx), the melting temperature 
(Tm) and the Hruby Number (HR) defined as (Tx–Tg)/(Tm–Tx) [12]. Table 4 shows the thickness, the linear refractive index 
and the density values of all glasses in Table 1. The linear refractive indices (n) of tellurite glasses were measured at 
632.8, 1305.4, and 1536 nm.  
Fig. 3 shows the absorption spectra of un-doped (A,H), Er3+ doped (B), Yb3+ doped (G), and Er3+/Yb3+ co-doped ( C, D, 
E, F) tellurite glass samples. The details of glass compositions are presented in Table 1.  The Er3+ doped tellurite glass 
spectrum shows the characteristic transitions clearly (with their absorption peaks): 4I15/2→4F7/2(486 nm), 4I15/2→ 
2H11/2(520 nm), 4I15/2→4S3/2(542 nm), 4I15/2→4F9/2(651 nm), 4I15/2→ 4I9/2(796 nm), 4I15/2→4I11/2(977 nm) and 
4I15/2→4I13/2(1530 nm). The Yb3+ doped tellurite glass spectrum shows only one broadband transition 2F7/2→2F5/2 (977 
nm) that ranges from 900 to 1030 nm. The Er3+/Yb3+ co-doped tellurite glass spectra show both Er3+ and Yb3+ level 
transitions. All curves show a minimum attenuation of about 0.7-1.3 cm−1 (for the wavelength  at 1300 nm).  All curves, 
except the first one (A), were displaced vertically to observe the Er3+ ions absorption bands clearly. 
Fig. 4 shows the cross section and the 2D/3D intensity distribution images of the DCTFs. Fig. 4-A shows the cross 
section images of a fiber with its core and double clad, taken using a CCD camera (Digital color camera SDC-312 
model) coupled to an optical microscope. The DCTFs have external diameters of  approximately 180 µm and core 
diameters of 8µm. Fig. 4-B shows 2D/3D images of the linearly polarized modes (LP01, LP11, LP21) guided by the core of 
Fiber 3 ( 10kppm Er2O3-20kppmYb2O3 co-doped DCTF) taken with an NIR video camera (MicronViewer 7290A).  
Fig. 5 shows the optical absorption spectra of DCTFs whose physical and optical parameters are presented in Table 2. 
Fig. 5-A  shows curves (a) and (b) that represent the supercontinuum (light source) spectrum and the transmitted 
spectrum through Fiber 3 (30cm long). From these spectra it was possible to calculate the optical absorbance of Fiber 3.  
In this absorbance spectrum, it is possible to observe the absorption bands of the  Er3+ and Yb3+ ions clearly. Moreover, 
Fig. 5-B shows the attenuation spectra measurements obtained by using the cut-back method. The attenuation spectra of 
Fibers 1, 2, and 3 were labeled as Fiber 1, Fiber 2, and Fiber 3, respectively. From these spectra it is not possible to 
observe the absorption bands of the Er3+ and Yb3+ ions. The cut-back method allows a better quantitative measurement of 
the fiber attenuation, because the coupling effects between the measured values are neglected. 
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Table 3. Characteristic temperatures and Hruby numbers of 
different glasses 
Glasss Tg (oC) Tx (oC) Tm (oC) ∆T= (Tx-Tg) HR 
A 366 513 650 147 1.07 
B 377 510 648 133 0.96 
C 372 537 676 165 1.19 
D 389 550 680 161 1.24 
E 381 520 644 139 1.12 
F 384 540 676 156 1.15 
H 348 498 598 150 1.50 
Table 4. Thicknesses, linear refractive indices and densities of    
different glasses 
Glass  
Thickness 
(cm) Linear Refractive Index 
Density 
(g/cm3) 
  632.8 nm 1305 nm 1536nm  
A 0.645 2.1507 2.088 2.0809 5.8534 
B 0.322 2.1441 2.0842 2.0769 5.9282 
C 0.450 2.1393 2.08 2.0729 6.0688 
D 0.471 2.1463 2.0851 2.0782 6.0658 
E 0.293 2.1309 2.0734 2.0669 5.9912 
F 0.373 2.1345 2.0759 2.069 6.1426 
G 0.483 2.1095 2.0541 2.0481 6.1116 
H 0.549 2.1276 2.0693 2.0629 5.8459 
 
 
Fig. 3. Attenuation or extinction coefficient spectra of un-doped, Er3+ doped Yb3+ doped, and Er3+/Yb3+ co-doped tellurite glass 
samples. 
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Fig. 4 (A) Cross section image of the Er3+/Yb3+ co-
doped DCTF . (B) Cylindrical transverse modes 
(LP01, LP11, LP21) of the Er3+/Yb3+ co-doped DCTF. 
Fig. 5. (A) Absorbance spectra measurements: (a) is the supercontinuum 
spectrum and (b) is the relative absorbance of Fiber 3 (fiber 
length=30cm). (B). Attenuation spectra of Fiber 1 , 2, and 3. The 
attenuation spectra of Fiber 1, Fiber 2 and Fiber 3 were obtained from 
fibers of lengths 118cm, 22cm and 265 cm respectively. 
 
Fig. 6 shows the emission spectra of Fiber 1. Fig. 6-A shows the luminescence spectra within the range 350–900 nm. The 
luminescence spectra reveal the following transitions of the Er3+ions around: 410nm(2H9/2→4I15/2);  493nm (4F7/2→4I15/2); 
523nm (2H11/2→4I15/2); 544nm(4S3/2→4I15/2); 657nm(4F9/2→4I15/2); 798nm(4I9/2 → 4I15/2); 852nm (4S3/2→4I13/2). Fig. 6-B. 
shows the emission spectra ranging from 600 to 1750 nm (fiber lengths 17cm and 30cm). We can clearly observe the 
transitions between the Er3+-ions levels around: (665nm)4F9/2→4I15/2, (854nm)4S3/2→4I13/2, (1234nm)4S3/2→4I11/2, 
(1533nm)4I13/2→ 4I15/2, and a pronounced broadband  around 1000nm that includes the pump laser,  the 4I11/2→4I15/2  
transition of the Er3+-ions, and the 2F5/2→2F7/2  transition of the Yb3+-ions. Fig. 6-C shows the ASE spectra of fibers with 
lengths ranging from 2 to 6 cm. Fig. 6-D shows the emission power as a function of the fiber lengths at wavelengths 
(A) 
(B) 
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1533nm, 1550nm and 1560nm. From figures 6-C and 6-D we observe that the optimal ASE spectrum corresponds to a 
3cm fiber. 
Fig. 6. Emission spectra of Fiber 1. (A) Luminescence spectra in the VIS-IR range. (B) Emission spectra ranging from 600 to 
1750 nm (fiber lengths of 17 and 30cm). (C) Shows the ASE spectra of fiber lengths ranging from 2 to 10 cm. (D) Power Vs fiber 
lengths at wavelengths 1533nm, 1550nm and 1560nm. 
 
Fig. 7 shows the emission spectra of Fiber 2. Fig. 7-A shows the luminescence spectra within the range 350–900 nm. The 
luminescence spectra reveal the following transitions of the Er3+ions around: 410nm(2H9/2→4I15/2);  493nm(4F7/2→4I15/2); 
523nm (2H11/2→4I15/2); 545nm(4S3/2→4I15/2); 657nm(4F9/2→4I15/2); 796(4I9/2→4I15/2); 848(4S3/2→4I13/2).  
Fig. 7-B shows the emission spectra ranging from 600 to 1750 nm (fiber lengths of 32cm and 55cm). We observe clearly 
the transitions between the Er3+-ions levels around: (665nm)4F9/2→ 4I15/2, (856nm)4S3/2→4I13/2, (1234nm)4S3/2→4I11/2, 
(1534nm)4I13/2→ 4I15/2, and a pronounced broadband  around 1000nm that includes the pump laser,  the 4I11/2→4I15/2 
transition of the Er3+-ions, and the 2F5/2→2F7/2  transition of the Yb3+-ions. Fig. 7-C shows the ASE spectra of fibers with 
lengths ranging from 2 to 10 cm. Since most amplifiers are coupled to SMSF at both ends, the transmitted light was 
collected using an SMSF  instead of an MMSF (Fig. 2-B). As a result of this change in the set up, all curves in Fig. 7-C 
exhibit a decrease of approximately 8 dBm. Fig. 7-D shows the emission power as a function of the fiber lengths at 
wavelengths 1533nm, 1550nm and 1560nm. In figures 7-C and 7-D we observe that the optimal ASE spectrum 
corresponds to a 6cm fiber. 
 
Fig. 7. Emission spectra of Fiber 2. (A) Luminescence 
spectra in the VIS-IR range. (B) Emission spectra ranging 
from 600 to 1750 nm (fiber lengths of 32 and 55cm). (C) 
Shows the ASE spectra of fiber lengths ranging from 2 to 10 
cm. (D) Power Vs fiber lengths at wavelengths 1533nm, 
1550nm and 1560nm. 
Fig. 8. Emission spectra of Fiber 3. (A) Luminescence spectra in 
the VIS-IR range. (B) Emission spectra ranging from 650 to 1750 
nm (fiber lengths of 32 and 65cm). (C) Shows the ASE spectra of 
fiber lengths ranging from 2 to 10 cm. (D) Power Vs fiber lengths 
at wavelengths 1533nm, 1550nm and 1560nm. 
 
Fig. 8 shows the emission spectra of Fiber 3. Fig. 8-A and Fig 8-B shows the same transitions of Fig. 7. Fig. 8-C shows 
the ASE spectra of fibers with lengths ranging from 2 to 10 cm. Fig. 8-D shows the emission power as a function of the 
fiber lengths at wavelengths 1533nm, 1550nm and 1560nm. In Figures 8-C and 8-D we observe that the optimal  ASE 
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spectrum corresponds to a 4cm fiber. Table 5 shows the comparative results of the ASE power maxima and the 
bandwidth of Fibers 1, 2, and 3, when the pumping power was 170mW. The ASE bandwidths were measured at −3 dB 
points from the emission power maximum.  
 
4. Discussions 
It was possible to fabricate double clad Er3+-doped (or Er3+/Yb3+ co-doped) tellurite fibers using the glasses shown in 
Table 1, without crystallization problems. This was achievable because these glasses present thermal stability (higher 
than 130OC) and an HR≥0.96, as shown in Table 3.  
The tellurite Fibers 1, 2, and 3 have shown good optical properties (high field modal confinement, high NA, and low 
attenuation). However, Tellurite Fibers 4 and 5 have shown bad optical properties (low field modal confinement, low 
NA, and high attenuation). The modal field confinement was observed  using an optical microscope (Fig. 4), and the 
NAs obtained from the refractive index are shown in Table 2. The reason why the NAs of Fibers 4 and 5 are low is 
because these fibers have a high Yb3+ ions concentration, which reduces the linear refractive index of the fiber core 
(Table 4). Tellurite Fibers 1, 2, and 3 have attenuation minima around 4, 11, and 4dB/m respectively, within the range 
1110-1300nm (Fig. 5). It was not possible to measure the attenuations of Fibers 4 and 5 because of the low field modal 
confinement in the fiber core. The emission spectra of Fibers 1, 2 and 3, in the regions UV-VIS, VIS-NIR and NIR-IR, 
are shown in figures 6 to 8. The emissions in the regions UV-VIS and VIS-NIR were generated by the up-conversion 
process. When the emission spectra of Fibers 1 and 3 were compared, it was observed that the up-conversion emission of 
Fiber 1 was less efficient than that of Fiber 3. For example, transitions 4F9/2→ 4I15/2 and 4S3/2→4I13/2 of  Fiber 3 are more 
intense than that of Fiber 1(in both cases the fiber length was approximately 30cm). From the ASE analysis (Table 5) of  
Fibers 1, 2 and 3, we found  that the maximum power of the ASE was achieved  for the short fiber lengths between 3 and 
6 cm. For  Fibers 1 and 3 the ASE power maxima were around -34dBm, and for Fiber 2 it was around -42.8dBm. On the 
other hand, we observed an increase in the ASE bandwidths when the fiber lengths were increased. For example, when 
10cm of Fiber 3 was evaluated the ASE bandwidth was approximately 101nm (1518-1619), and when 2cm of the same 
fiber was tested  the ASE bandwidth was approximately 75nm (1502-1577). 
 
5. Conclusion 
Glasses and double clad tellurite fibers were fabricated by the rod-in-tube technique. The fabricated DCTFs have core 
sizes of approximately 8 μm and attenuations around 5dB/m. It was observed that the up-conversion emission in the Er3+ 
doped DCTF was less efficient than in the Er3+/Yb3+ co-doped DCTF. 
We found that the maximum power of the ASE was achieved  for the short DCTF lengths between 3 and 6 cm. On the 
other hand, a 105 nm ASE bandwidth measured at −3 dB points below the maximum emission power was obtained using  
Fiber 3 (8cm). 
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